ABSTRACT The goals of this study were to quantify the effects of epinephrine on myocardial and cerebral blood flow during conventional cardiopulmonary resuscitation (CPR) and CPR with simultaneous chest compression-ventilation and to test the hypothesis that epinephrine would improve myocardial and cerebral blood flow by preventing collapse of intrathoracic arteries and by vasoconstricting other vascular beds, thereby increasing perfusion pressures. Cerebral and myocardial blood flow were measured by the radiolabeled microsphere technique, which we have previously validated during CPR. We studied the effect of epinephrine on established arterial collapse during CPR with simultaneous chest compression-ventilation with the abdomen bound or unbound. Epinephrine reversed arterial collapse, thereby eliminating the systolic gradient between aortic and carotid pressures and increasing cerebral perfusion pressure and cerebral blood flow while decreasing blood flow to other cephalic tissues. Epinephrine produced higher cerebral and myocardial perfusion pressures during CPR with simultaneous chest compression-ventilation when the abdomen was unbound rather than bound because abdominal binding increased intracranial and venous pressures. In other experiments we compared the effect of epinephrine on blood flow during 1 hr of either conventional CPR or with simultaneous chest compression-ventilation with the abdomen unbound. Epinephrine infusion during conventional CPR produced an average cerebral blood flow of 15 ml/min-100 g (41 + 15% of control) and an average myocardial blood flow of 18 mI/min 100 g (15 ± 8% of control). In our previous studies, cerebral and myocardial blood flow were less than 3 ±+ 1 % of control during conventional CPR without epinephrine. Although flows during CPR with simultaneous chest compression-ventilation without epinephrine were initially higher than those during conventional CPR, arterial collapse developed after 20 min, limiting cerebral and myocardial blood flow. The use of epinephrine throughout 50 min of CPR with simultaneous chest compression-ventilation maintained cerebral blood flow at 22 + 2 ml/min 100 g (73 ± 25% control) and left ventricular blood flow at 38 ± 9 ml/min 100 g (28 ± 8% control). The improved blood flows with epinephrine correlated with improved electroencephalographic activity and restoration of spontaneous circulation. The mechanisms responsible for the increased brain and myocardial blood flow with epinephrine include the prevention of arterial collapse and the intense vasoconstriction of other vascular beds, which prevents the run off of blood into these tissues and preferentially increases cerebral and myocardial perfusion pressures. We conclude that epinephrine substantially improves cerebral and myocardial blood flow during both conventional CPR and CPR with simultaneous chest compression-ventilation and that the combined use of epinephrine and CPR with simultaneous chest compression-ventilation with the abdomen unbound maintains high levels of blood flow to the brain and heart during prolonged CPR.
ally less than 5% of control and cerebral blood flow less than 30% of control. 1 2 These low blood flows are a consequence of the low myocardial and cerebral perfusion pressures generated during CPR." 2 Experimental CPR studies indicate that aortic and right atrial pressures are nearly equal during chest compression producing only a small pressure gradient for myocardial perfusion.3-I These studies also indicate that cerebral perfusion occurs because chest compression generates an extrathoracic arterial-venous pressure gradient. This gradient develops because the intrathoracic arterial pressure is almost fully transmitted into the extrathoracic arteries, while venous valves and likely venous collapse prevent the full transmission of intrathoracic venous pressure into the extrathoracic veins.7 As long as this differential transmission of pressure is maintained during CPR, larger increases in intrathoracic pressure will produce higher vascular pressures and a larger extrathoracic pressure gradient. These concepts led to the development of CPR with simultaneous chest compression-ventilation, which increases intrathoracic pressure to levels unattainable during conventional CPR and consequently increases carotid and cerebral blood flow." 2. 8 Unfortunately, collapse of the carotid and other arteries at the thoracic inlet (top of thorax) limits blood flow during prolonged conventional CPR or CPR with simultaneous chest compression-ventilation. 8. 9 When the pressure surrounding the intrathoracic carotid artery exceeds its intraluminal pressure, the vessel narrows. Studies in vitro and in vivo demonstrate that in the absence of vasoactive drugs, the carotid artery can resist only a small negative transmural pressure of 7 ± 2 mm Hg.9 During CPR, however, the high intrathoracic pressures produced may cause partial or total collapse of the carotid artery, either because the carotid artery has lost the ability to resist collapse or because a negative transmural pressure develops that exceeds the artery's resistance to collapse. Once arterial collapse develops at the thoracic inlet, it impairs pressure transmission into the extrathoracic arterial beds and results in (1) flow limitation with flow independent of changes in intrathoracic pressure above a certain level or (2) nearly full arterial collapse with flow reduction. Thus blood flow during CPR depends in part on the absence of carotid arterial collapse, thereby allowing the full transmission of intrathoracic pressure into the carotid and other extrathoracic arteries.
a-Adrenergic agents increase peripheral resistance, and in the setting of CPR they also increase the resistance of the carotid artery to collapse9; however, the importance of these factors during CPR is unclear.
What is the net effect of epinephrine on actual cerebral blood flow? A recent report indicates that epinephrine increases cerebral blood flow.`" In contrast, other investigators find that epinephrine does not change or may even reduce common carotid arterial blood flow during CPR and assume that epinephrine also reduces cerebral blood flow.1" But if carotid arterial resistance to collapse is essential for maintenance of blood flow in the brain because of the high intracranial back pressure produced by chest compression" 12 and if vasoconstriction in the carotid bed is limited to noncerebral beds, then epinephrine might be useful or even essential.
Furthermore, since epinephrine and x-adrenergic agonists improve cardiac recovery during CPR,'3' 14 we were interested in whether epinephrine would improve myocardial blood flow. Several investigators speculate that epinephrine may increase myocardial blood flow because it increases aortic diastolic pressure.'3 14 One preliminary report suggests that epinephrine does increase myocardial blood flow during conventional CPR. '9 To explore these issues we induced ventricular fibrillation in dogs and studied the hemodynamic response to epinephrine during resuscitation. We addressed the following specific questions: (I) Does epinephrine reverse arterial collapse and increase cerebral blood flow? (2) Does epinephrine primarily increase common carotid arterial blood flow or does it primarily affect the distribution of carotid blood flow between cerebral and extracerebral vascular beds by vasoconstricting the extracerebral beds? (3) Does epinephrine prevent carotid arterial collapse during prolonged CPR? (4) Does epinephrine augment myocardial and cerebral blood flow during both conventional CPR and CPR with simultaneous chest compressionventilation? These studies indicate that epinephrine augments cerebral and myocardial blood flow during CPR by preventing arterial collapse and by increasing cerebral and myocardial perfusion pressures.
Methods
Preparation. All experiments were performed on large (22 to 36 kg) mongrel dogs anesthetized with ketamine (150 mg im) and pentobarbital (15 to An additional group of dogs (n = 4) was studied during CPR with simultaneous chest compression-ventilation with the abdomen unbound to quantify the relative effect of epinephrine on common carotid arterial and cerebral blood flow. In addition to the preparation described above, a Biotronex BL-2045 cannulating electromagnetic flow probe was inserted into the left carotid artery. and carotid arterial flow was measured with a Biotronex BL-613 flowmeter. Left carotid arterial pressure was measured through a side arm attached to the cephalad end of the flow probe. After measuring pressures and flow during the prearrest (control) period, ventricular fibrillation was induced and CPR with simultaneous chest compression-ventilation initiated with the abdomen unbound. In the initial minutes of CPR, ventilation was confined to the first 40% of each compressionrelease cycle in an effort to prevent carotid arterial collapse. This duration was chosen on the basis of results of preliminary studies. The first postarrest microsphere injection was made during this time. Six minutes later, in an effort to induce carotid collapse. the duration of ventilation was increased to 50% of each compression-release cycle and airway pressure was increased. When carotid arterial collapse occurred, the second postarrest microsphere injection into the left ventricle was made. Six minutes later, 1 mg of epinephrine was injected into the left ventricle followed by a constant infusion into the right atrium at 8 gg/kg min. After 1 to 2 min the third microsphere injection was made and CPR was continued for 6 min and then stopped.
Effect of continuous epinephrine infusion on blood flow during CPR with simultaneous chest compression-ventilation and conventional CPR. The effect of different methods of CPR on regional blood flow, electroencephalographic activity, and the ability to restore spontaneous circulation were studied in the following four groups: (1) CPR with simultaneous chest compression-ventilation and epinephrine. (2) CPR with simultaneous chest compression-ventilation without epinephrine. (3) conventional CPR with epinephrine, and (4) CPR with simultaneous chest compression-ventilation and epinephrine administered after 5 min of ischemia. These results were related to previously published results with conventional CPR alone. ' Dogs were randomly assigned to each group. The first group (n = 6) received CPR with simultaneous chest compression-ven-CIRCULATION 824 tilation and the abdomen unbound at a compression rate of 40/ min with 1 1/2 to 2 inches of chest compression throughout the first 50% of each compression-release cycle. The animals were ventilated with an airway pressure of 90 to 100 mm Hg throughout the first 40% of each compression-release cycle. This timing was chosen on the basis of results of preliminary studies. CPR with simultaneous chest compression-ventilation was begun immediately after ventricular fibrillation and epinephrine was given as a 1 mg bolus into the left ventricle at the beginning of CPR with simultaneous chest compression-ventilation and continuously infused through the right ventricular pacing catheter at a rate of 4 ,g/kg.min throughout 1 hr of CPR. The second group (n = 3) received CPR with simultaneous chest compressionventilation as described above without epinephrine. In the third group (n = 6), conventional CPR was performed at a rate of 60/ min with the Thumper. Compression duration was 0.5 sec (50% duty cycle). Ventilation was provided after every fifth chest compression at an airway pressure of 35 mm Hg. We used a greater chest compression force during conventional CPR because 1 1/2 to 2 inches of chest compression with conventional CPR ordinarily produces very low (e.g., 25 mm Hg) pressures within the thorax. We used a force that produced 21/2 to 3 inches of chest compression. This caused marked distortion of the chest wall. CPR was also initiated immediately after fibrillation in this group and epinephrine was given as above. The fourth or ischemic group (n = 6) received CPR with simultaneous chest compression-ventilation and epinephrine as described above. However, in this group, CPR with simultaneous chest compression-ventilation and epinephrine was begun after 5 min of ventricular fibrillation. This group was included to test the hypothesis that 5 min of preceding ischemia would not reduce the pressures or blood flow produced during CPR with simultaneous chest compression-ventilation and epinephrine. ln addition to measurements of right atrial, aortic, carotid arterial, jugular venous, and intracranial pressures, continuous recordings of the electrocardiogram (lead 11) and a single-lead electroencephalogram were made. Microsphere injections were made before arrest (control) and at 2, 6, 20, 35, and 50 min after the initiation of CPR. Arterial blood gases were drawn just before the control, 6, 20, 35, and 50 min microsphere injections. To replace intravascular volume lost from the reference withdrawal samples, 5 ml of normal saline was infused into a brachial vein every minute during CPR. At the end of the hour, CPR was stopped and the electrocardiogram and electroencephalogram were recorded for 30 sec. As many as six 100 to 200 J countershocks were then applied with a Physio-Control Life-Pak6 DC defibrillator in an effort to defibrillate the animals. If necessary, an additional 5 min of CPR was performed in animals that were defibrillated but remained hemodynamically unstable. Effective spontaneous circulation was defined as the restoration of a systolic blood pressure of at least 100 mm Hg and a heart rate of greater than 60 beats/min that persisted for at least 5 min. In animals in which effective spontaneous circulation was restored, cardiac arrest was induced with potassium chloride after a 5 min observation period.
At the end of each experiment, the heart and brain were removed and tissue samples of other organs were obtained. The right ventricular free wall was cut into two layers. The left ventricular free wall was sectioned into three layers. The brain was dissected into caudal regions (cervical spinal cord, medulla, pons, midbrain, cerebellum, diencephalon, piriform lobe, caudate nucleus) and rostral regions (white matter, occipital lobe, temporal lobe, parietal lobe, frontal lobe, and pituitary gland).
Statistical analysis. The effects of epinephrine on pressures and blood flow during carotid arterial collapse were tested by the paired t test. Pressures and blood flows produced in the group receiving CPR with simultaneous chest compressionventilation and epinephrine were compared separately with those in the group receiving only CPR with simultaneous chest compression-ventilation, the group receiving conventional CPR and epinephrine, and the group receiving CPR with epinephrine and ischemia by analysis of variance with repeated measures.`Control values for pressures and regional blood flows in the four prolonged CPR groups were compared using an unpaired t test. The Wilcoxon ranked-sum test'7 was used to test the relationship between CPR type and electroencephalographic grade and the relationship between myocardial perfusion pressure or left ventricular blood flow and restoration of spontaneous circulation.
Results
Reversal of carotid arterial collapse with epinephrine. As seen in figure 1, 1 mg of epinephrine administered into the left ventricle rapidly reversed the large pressure gradient that had developed between peak aortic and peak carotid arterial pressures (carotid arterial collapse). During CPR with simultaneous chest compression-ventilation and the abdomen bound, two episodes of carotid arterial collapse were studied in each of five animals. developed. In three of the four animals the common carotid arterial blood flow after epinephrine was less than half of the precollapse value. Epinephrine nevertheless increased cerebral perfusion pressure and cerebral blood flow to levels much higher than those before collapse (table 2) . Cerebral blood flow increased while carotid blood flow decreased because epinephrine vasoconstricted the extracerebral carotid arterial vascular beds, thereby reducing blood flow to extracerebral tissues and increasing cerebral perfusion pressure. Epinephrine administration during CPR with simultaneous chest compression-ventilation and the abdomen unbound strikingly increased aortic diastolic pressure, thereby increasing the diastolic pressure gradient for myocardial perfusion. Left ventricular blood flow was not measured in these experiments.
Prevention of carotid arterial collapse with epinephrine.
Since the group receiving CPR with simultaneous chest compression-ventilation and the abdomen unbound had a lower intracranial pressure, higher cerebral perfusion pressure, and greater aortic to right atrial diastolic pressure gradient after epinephrine (tables 1 and 2), prolonged CPR was performed with the abdomen unbound. Figure 2 displays the pressure drop between systolic aortic and systolic carotid pressures plotted against time for the four groups receiving prolonged CPR. Epinephrine prevented arterial collapse during conventional CPR, CPR with simultaneous chest compression-ventilation, or CPR with simultaneous chest compression-ventilation begun after 5 min of ischemia. In contrast, arterial collapse developed rapidly when CPR with simultaneous chest compression-ventilation was performed without epinephrine.
Effects of epinephrine on pressure and blood flow during prolonged CPR with simultaneous chest compression-ventilation. During the entire 50 min period CPR with simultaneous chest compression-ventilation and epinephrine maintained high levels of aortic and carotid arterial pressures and cerebral and myocardial perfusion pressures when compared with the pressures obtained during CPR with simultaneous chest compression-ventilation without epinephrine ( Although mean intracranial pressure was slightly higher with epinephrine, cerebral perfusion pressure was strikingly higher with epinephrine use (both before and after arterial collapse developed during CPR with simultaneous chest compression-ventilation without epinephrine) (table 3). Myocardial perfusion pressure was also dramatically higher with epinephrine. Epinephrine maintained this perfusion pressure at 25 ± 4 mm Hg throughout 1 hr of resuscitation, whereas without epinephrine the gradient was initially 14 + 1 mm Hg and then dropped to I ± 1 mm Hg after arterial collapse developed.
The higher perfusion pressures with epinephrine increased blood flow to the brain and left and right ventricular free walls (table 4, tially increased myocardial and cerebral blood flow. All animals in the group receiving CPR with simultaneous chest compression-ventilation and epinephrine were graded to have the same electroencephalographic activity before and after CPR (table 5). The animals in the group receiving CPR with simultaneous chest compression-ventilation without epinephrine had definite electroencephalographic deterioration after CPR. Effective circulation was restored easily in five of the six animals receiving CPR with simultaneous chest compression-ventilation and epinephrine, requiring one or two countershocks. Effective circulation did not return in any of the three dogs not given epinephrine.
Comparison of CPR with simultaneous chest compression-ventilation plus epinephrine with conventional CPR plus epinephrine. Conventional CPR was performed with a greater compression force (667 vs 534 Newtons) than that used during CPR with simultaneous chest compression-ventilation. We used a greater compression force with conventional CPR because a lower compression force produces very low intrathoracic pressures (e.g., 25 mm Hg).' 2 The force used reproduced the technique of Bircher and Safar'5 and caused Although levels of total blood flow in the brain were similar, ischemia altered regional blood flow in the brain. During the first 20 min of CPR with simultaneous chest compression-ventilation and epinephrine, the animals with preceding ischemia had higher blood flow to the caudal regions of the brain, specifically the medulla, pons, midbrain, and cerebellum. Blood flow to the caudal regions of the brain was significantly different between the two groups at 2, 6, and 20 min of CPR (caudal blood flow.at 2 min was 27 + 3 ml/ min 100 g without ischemia vs 42 7 ml/min 100 g after ischemia, p < .01; blood flow at 20 min was 21 1 ml/min 100 g without ischemia vs 32 + 4 ml/ min 100 g after ischemia, p < .01). As expected, the group with ischemia had the more abnormal electroencephalographic activity after CPR (table 5) . Effective circulation returned in five of the six ischemic animals, correlating with the level of myocardial blood flow. CPR was 41 ± 5 ml/min 100 g in the group with recovery vs 3 ± 1 ml/min 100 g in the group without recovery (p < .001).
During CPR the animals were ventilated with 95% 02 and 5% CO2. All groups had similar arterial blood gases during CPR except the group with ischemia, which had a significantly lower Pao, during CPR, but the Pao2 was still greater than 100 Torr in all groups (table 4).
Discussion
The major findings of this study are that epinephrine reverses and prevents arterial collapse and increases cerebral and myocardial perfusion pressures by vasoconstricting peripheral vascular beds. As a consequence of these effects, epinephrine increases cerebral and myocardial blood flow during both conventional CPR and CPR with simultaneous chest compressionventilation. The combination of CPR with simulta- tendency toward carotid arterial collapse.9 Epinephrine not only reversed arterial collapse but also prevented collapse during prolonged CPR, regardless of the type of CPR or preceding ischemia (figure 2). Thus epinephrine reverses and prevents arterial collapse by increasing peripheral vascular resistance and intrinsic arterial resistance to collapse.
Our results indicate that the increase in cerebral blood flow caused by epinephrine is associated with a redistribution rather than an increase in total carotid arterial blood flow. As shown in table 2, epinephrine increased cerebral blood flow above the precollapse level in all animals, while decreasing common carotid arterial flow to less than half the precollapse value in three of the four animals. This occurred because epinephrine markedly decreased blood flow to extracerebral cranial tissues compared with precollapse and collapse levels (table 2) . This decrease in blood flow indicates intense vasoconstriction of these vessels, since epinephrine substantially increased their perfusion pressure (mean carotid-mean jugular pressure, 27 ± 2 mm Hg before collapse vs 3 ± 3 mm Hg during collapse and 47 ± 4 mm Hg after epinephrine; table 2). As a consequence of this intense vasoconstriction, cerebral perfusion pressure rose dramatically, increasing cerebral blood flow.
These findings demonstrate the need for great caution in relating changes in carotid arterial blood flow to changes in cerebral blood flow. This caution is necessary for two reasons. First, the cerebral and extracerebral perfusion pressures differ during CPR because the increased intrathoracic pressure during chest compression is partially transmitted into the intracranial space, causing intracranial pressure to usually exceed jugular venous pressure.12 Additionally, any element of cerebral edema will magnify the difference between these perfusion pressures by increasing intracranial pressure. ' 12 Second, an intervention may alter the distribution of carotid arterial blood flow between the extracerebral and cerebral vessels, as occurred with epinephrine. Our results emphasize the importance of direct measurement of cerebral blood flow during CPR.
Epinephrine increased aortic diastolic pressure but not right atrial diastolic pressure, producing a myocardial perfusion pressure of 25 to 30 mm Hg during CPR with simultaneous chest compression-ventilation. The mechanism responsible for this is the increase in peripheral vascular resistance that retards the run-off of arterial blood, causing a higher intravascular pressure in the large arteries. In addition, epinephrine may also enhance reflected waves from the periphery. Previous CPR studies indicate that without epinephrine myocardial perfusion pressure is usually 5 to 10 mm Hg and left ventricular blood flow is 5 to 14 ml/min 100 g." 2 Previous studies have shown that epinephrine increases aortic diastolic pressure and improves cardiac resuscitation after 1 to 10 min of CPR.'3" 14 These investigators have suggested that epinephrine might increase myocardial perfusion but have not measured blood flow. Our findings demonstrate that epinephrine increases myocardial perfusion pressure and, conse- quently, blood flow. As shown in figures 6 and 7, m5iocardial blood flow correlates with the perfusion pressure during CPR and, most importantly, the level of left ventricular blood flow correlates with the ability to restore spontaneous circulation (figure 7). As seen in tables 1 and 2, abdominal binding during CPR with simultaneous chest compression-ventilation and epinephrine reduces aortic diastolic pressure and increases right atrial diastolic pressure, thereby leading to a smaller aortic-right atrial pressure gradient for myocardial perfusion. Abdominal binding also increases intracranial pressure during CPR with simultaneous chest compression-ventilation and epinephrine by augmenting the transmission of intrathoracic pressure into the cranial vault and thus reduces cerebral perfusion pressure'2 (tables 1 and 2). Abdominal binding is helpful during CPR with simultaneous chest compression-ventilation only when epinephrine is not used. When CPR with simultaneous chest compression-ventilation is performed without epinephrine or abdominal binding (see tables 3 and 4), carotid arterial collapse rapidly occurs producing low blood flow to the brain ( figure 3 ). When CPR with simultaneous chest compression-ventilation is performed without epinephrine, abdominal binding prevents collapse,' probably by increasing circulating blood volume and intra-arterial pressures and perhaps by reducing abdominal arterial run-off. By use of epinephrine during CPR with simultaneous chest compression-ventilation, carotid arterial collapse is prevented and coronary and cerebral perfusion are augmented, since right atrial and intracranial pressure remain lower. In this study of prolonged CPR with epinephrine, CPR with simultaneous chest compression-ventilation and without abdominal binding produced higher intrathoracic vascular pressures and perfusion pressures (tables 3 and 6) and higher cerebral and myocardial blood flow than did conventional CPR (table 4 and figures 3 and 4). The higher cerebral and myocardial blood flow with CPR with simultaneous chest compression-ventilation was translated into better postarrest electroencephalographic activity and cardiac recovery. These findings indicate that techniques which increase perfusion pressures will improve blood flow and functional recovery.
We found that 5 min of ischemia did not affect the pressures achieved during CPR. But preceding ischemia did increase the variability in the relationship between cerebral blood flow and cerebral perfusion pressure. This suggests that cerebral vascular resistance was more variable among these animals and was increased during reperfusion. An increase in cerebral vascular resistance during reperfusion at normal perfu-834 sion pressures has been previously shown.'9' 20 Ischemia did not increase overall cerebral blood flow (reactive hyperemia). Preceding ischemia did, however, change the rostral-caudal distribution of cerebral blood flow, increasing caudal (brain stem) blood flow during the first 20 min of CPR. In these animals, as well as in the collapse experiments, increased caudal blood flow followed ischemia. A similar change in the rostralcaudal distribution of cerebral blood flow after ischemia has been found by other groups that have reperfused tissue using a normal cerebral perfusion pressure. 19 20 With regard to myocardial blood flow during CPR, epinephrine in our study improved perfusion equally to the endocardium and epicardium. figure 6 ) and a close relationship between the level of left ventricular blood flow and the ability to restore spontaneous cardiac activity (figure 7).
In conclusion, cerebral and myocardial blood flow are substantially increased by epinephrine during conventional CPR. Even greater flow to the heart and brain can be maintained by CPR with simultaneous chest compression-ventilation and epinephrine. This improved flow is associated with evidence of improved brain function and greater success rate for cardiac resuscitation after prolonged ventricular fibrillation. Although blood flow to the kidneys and gut are very low with CPR with simultaneous chest compression-ventilation and epinephrine, the levels of flow are not below those achieved during conventional CPR with or without the use of epinephrine.1 Epinephrine improves brain flow by preventing or reversing carotid arterial collapse and by vasoconstricting extracerebral carotid arterial and peripheral vascular beds, thereby increasing cerebral perfusion pressure. Epinephrine in-CIRCULATION creases myocardial perfusion by increasing aortic diastolic pressure. The increase in aortic diastolic pressure probably results also from the central and peripheral arterial vasoconstricting effects of epinephrine. Thus epinephrine dramatically increases cerebral and myocardial blood flow throughout CPR.
To the extent that the dog is an appropriate model for human resuscitation, the evidence for the value of epinephrine is compelling. Geometric differences between the chest of dogs and man are obvious, but the thrust of many recent studies minimizes the importance of these differences. The frequent presence of severe coronary lesions in adult human beings with ventricular fibrillation may well alter the effectiveness of epinephrine. More complex strategies with peripheral arterial vasoconstriction as one component may well ultimately emerge.
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